Background
==========

Burns are one of the major causes of traumatic injury in humans.[@b1-clep-10-1083] The etiology of burn injury is diverse, including injury from fire, boiling water, and electricity. Skin burns can be classified into three categories according to severity.[@b2-clep-10-1083] A first-degree burn involves injury to the epidermis, which may extend to the partial separation of epidermal and dermal layers. A second-degree burn extends injury to the entire epidermis and also to various parts of the dermis. A third-degree burn involves destruction of the entire epidermis and dermis and even damage to adipose tissue.[@b2-clep-10-1083],[@b3-clep-10-1083] Not only do burns affect skin tissue on the body's surface, they can also induce pulmonary changes.[@b4-clep-10-1083] In an animal study, a burn injury covering 40% of the body surface area induced pulmonary microvascular dysfunction.[@b4-clep-10-1083] In another study, a serious burn increased pulmonary vascular permeability and decreased the PaO~2~:FiO~2~ ratio.[@b5-clep-10-1083]

Pneumonia is a common respiratory infectious disease that involves the inflammation of the pulmonary parenchyma. Individuals can acquire pneumonia on the basis of various epidemiologies, pathogeneses, and risk factors. For example, community-acquired pneumonia can occur anywhere outside hospitals, such as households, schools, and work places.[@b6-clep-10-1083] By contrast, hospital-acquired pneumonia (HAP) can occur in hospitalized patients and outpatients.[@b7-clep-10-1083] Moreover, HAP occurs 48 hours or more after hospitalization and does not present on admission. For hospitalized patients, HAP can be divided into ventilator hospital-acquired pneumonia (V-HAP), in which pneumonia develops after endotracheal intubation over 48--72 hours, and nonventilator hospital-acquired pneumonia (NV-HAP).[@b7-clep-10-1083],[@b8-clep-10-1083] A similar pathogenesis may exist in patients with burn injury. Repeat hospitalization might be another risk for burn injury patients, especially the older patients, to acquire pneumonia. These patients were admitted to hospitals for many reasons such as wound coverage, sepsis, and rehabilitation. Respiratory infection was one of most diagnosis in the 30-days re- hospitalization.[@b9-clep-10-1083] Therefore, it is reasonable to expect that patients with burns have a higher risk of developing pneumonia, especially HAP. The etiologies of pneumonia include bacteria, viruses, fungi, and protozoa. For immunocompromised patients, pneumonia can be easily acquired when patients are exposed to pathogens from the air or opportunistic microbes that colonize in the buccal cavity or upper respiratory tract.[@b10-clep-10-1083] A similar pathogenesis may exist in patients with burn injury.

Pneumonia is a general clinical presentation of the respiratory system, whereas burns are always related to extensive cutaneous injury. Indeed, lung function was unable to be restored completely in burn patients, while burn injury led to impaired immune system and increased susceptibility to infectious complication.[@b11-clep-10-1083]--[@b13-clep-10-1083] It is rational to expect that burn injury patients may have a higher risk to develop pneumonia. However, systemic study of the relationship between pneumonia and burn injury and the interaction between symptoms remains limited. It would be valuable to know whether burn injury increases the risk of pneumonia. We hypothesized that patients with burn injury have a higher risk of developing pneumonia than the non-burn injury patients.

Patients and methods
====================

Study population
----------------

The Longitudinal Health Insurance Database (LHID) is managed by the Taiwan National Health Research Institutes and contains data from one million randomly sampled beneficiaries, featuring all outpatient and inpatient medical claims, including drug medications, medical operations, procedures, and fees. Moreover, the LHID does not hold any identifying patient data. The study was approved by the ethical review board of the Chung Shan Medical University Hospital (CSMU No.: 15061).

Study design
------------

This study used a retrospective cohort design. Patients aged ≥18 years with burn injury (ICD Ninth Revision Clinical Modification \[ICD-9-CM\] codes 940--949) which required emergency skin wound treatment or hospitalization were recruited between January 1, 2010, and December 31, 2012. The index date was defined as the first date of the burn injury. To avoid the confounding of disease history, we excluded patients who received a diagnosis of pneumonia within half a year before the index date.

A comparison group of patients who had not suffered from burn injury between 2009 and 2013 was selected. First, we performed a 1:18 age and sex matching to provide an index date corresponding to the comparison group. During matching, we excluded patients who received a diagnosis of pneumonia before the index date. Second, a propensity score matching (1:1) was performed for the comparison group according to age, sex, hypertension (ICD-9-CM codes 401--405), hyperlipidemia (ICD-9-CM codes 272.0--272.4), diabetes mellitus (ICD-9-CM codes 250), cerebrovascular disease (ICD-9-CM codes 430--438), renal disease (ICD-9-CM codes 582--582.9, 583--583.7, 585, 586, 588--588.9), liver disease (ICD-9-CM codes 571.2, 571.5, 571.6, 571.4-- 571.49, 572.2--572.8, 456.0--456.21), chronic pulmonary disease (ICD-9-CM codes 490--496, 500--505, 506.4), and ischemic heart disease (ICD-9-CM codes 410--414). All diseases were defined as having been diagnosed 1 year before the index date.

Outcome measurement
-------------------

The outcome was the occurrence of pneumonia (ICD-9-CM codes 481, 482, 483, 485, 486) diagnosed during an emergency visit or hospitalization. All patients were traced until the occurrence of pneumonia within 1 year after the index date, withdrawal from the social insurance system, or the end of 2013, whichever came first. Furthermore, we used the proportion of BSA to distinguish the effects of different types of burn injury on pneumonia.

In order to estimate the temporal association between burn injury and pneumonia, we used a self-controlled case-series design to verify it.[@b14-clep-10-1083] Patients with new diagnosis of pneumonia between January 1, 2010, and December 31, 2013 were recruited. We defined the exposure period as the interval of 30 days after burn injuries. The unexposed periods in the 4-year study were defined as the baseline period. Finally, we identified 151 patients with pneumonia that occurred before and after burn injury ([Figure S1](#SD1-clep-10-1083){ref-type="supplementary-material"}).

Statistical analyses
--------------------

The comparison between burn injury and non-burn injury was performed using a chi-squared test or independent *t*-test, as appropriate. The cumulative incidence of pneumonia was performed using Kaplan--Meier analysis. The Cox proportional hazards model was used to estimate the hazard ratios of burn injury. The incidence rate ratio (IRR) of pneumonia in the exposure period compared with the baseline period was performed using a conditional Poisson regression. Statistical analyses were performed using SPSS V.18.0 (SPSS Inc., Chicago, IL, USA) and Stata V.12.0 (StataCorp LP, College Station, TX, USA).

Results
=======

Characteristics of study patients
---------------------------------

A total of 2,893 individuals with burn and the same number of individuals with non-burn between 2009 and 2013 were selected based on our inclusion and exclusion criteria ([Figure 1](#f1-clep-10-1083){ref-type="fig"}). After matching, the mean values of age, sex, and comorbidities were similar between the groups. Before the unmatched comparison of burn injury and non-burn injury, the patients with burn injury exhibited higher risks of the following comorbidities: hypertension, hyperlipidemia, diabetes, myocardial infarction, and chronic pulmonary diseases ([Table 1](#t1-clep-10-1083){ref-type="table"}). The median and interquartile range (IQR) of time to pneumonia in the burn injury group were 164 and 84--295 days, respectively. The types of pneumonia are analyzed in [Table S1](#SD2-clep-10-1083){ref-type="supplementary-material"}.

Risk of pneumonia and exposure to burn injury
---------------------------------------------

We estimated the cumulative incidence of pneumonia cases that were exposed to burn injury. The curve of exposure for burn injury revealed a higher risk of pneumonia than that for non-burn injury ([Figure 2](#f2-clep-10-1083){ref-type="fig"}). The Cox proportional hazards model revealed a 2.39-fold increased risk of pneumonia for burn injury compared with that for non-burn injury ([Table 2](#t2-clep-10-1083){ref-type="table"}). For the different subgroups of age, the risk of pneumonia also increased 1.72-fold for patients aged 40--65 years and 9.97-fold for those aged ≥65 years, when compared with patients aged 18--40 years. In addition, male patients had a 1.83-fold higher risk of pneumonia compared with female patients. An increased risk of pneumonia with the following comorbidities was also noted: diabetes (adjusted hazard ratio \[aHR\]=2.58, 95% CI 1.44--4.64), cerebrovascular disease (aHR=2.75, 95% CI 1.42--5.31), and liver disease (aHR=2.55, 95% CI 1.15--5.65; [Table 2](#t2-clep-10-1083){ref-type="table"}). In addition, when the patients were categorized into two groups according to burn surface area (BSA; ≤10% and \>10%), the group with BSA ≤10% displayed a high risk of acquiring pneumonia (aHR=2.36, 95% CI 1.41--3.93). When BSA was \>10%, the risk of acquiring pneumonia became higher in trend (aHR=3.01, 95% CI 0.89--10.17).

Risk of pneumonia among patients with and without burn injury and subgroupspecific characteristics
--------------------------------------------------------------------------------------------------

We performed subgroup analysis between the burn injury group and the non-burn injury group. An increased risk of pneumonia was statistically observed in the burn injury group for patients aged ≥65 years (2.06-fold). An increased risk of pneumonia was also observed in male patients in the burn injury group (2.96-fold). Furthermore, an increased risk of pneumonia was observed with the comorbidities of ischemic heart disease in the burn injury group ([Table 3](#t3-clep-10-1083){ref-type="table"}).

Temporal association between burn injury and pneumonia
------------------------------------------------------

For the self-controlled case-series population, the IRR of pneumonia of exposure period ≤30 days was 2.76-fold (95% CI=1.44--3.96) compared with that of the baseline period. The IRR within the exposure period between 31 and 60 days was 1.51-fold (95% CI=0.74--3.07), and the IRR within the exposure period between 61 and 90 days was 1.79-fold (95% CI=0.92--3.50; [Table S2](#SD3-clep-10-1083){ref-type="supplementary-material"}).

Discussion
==========

Patients with varying degrees of burn injury were recruited for observation of the risk of pneumonia within 1 year (2010). We observed that patients with burn injury were more likely to acquire pneumonia after recovery from burns. Although pneumonia was reported as a major complication in burn injury,[@b15-clep-10-1083] the present study is the first to indicate an increased risk and frequency of acquiring pneumonia after a burn injury. Burn injury exacerbates the destruction of the respiratory system and increases mortality rate.[@b15-clep-10-1083] The BSA percentage of burn injury also caused pneumonia in hospitalized patients. In one study, 27 out of 56 patients who had severe burn injury developed pneumonia.[@b16-clep-10-1083] Face and neck burns were also risk factors of respiratory infection, which developed into pneumonia. Inhalation injury and endotracheal intubation were associated with respiratory infection during hospitalization.[@b17-clep-10-1083]

Burn injury can cause several sequelae, which can be affected by psychiatric or physiologic factors such as age and sex. In our study, the risk of pneumonia increased for male patients and those aged ≥65 years. Moreover, regarding the functional sequelae of burn injury, certain organs could not recover to their original function. For example, orofacial contractures after severe head and neck burns affect the ability to swallow.[@b18-clep-10-1083] Therefore, rehabilitation is required to reduce the swallowing impairment. Another burn sequela is heterotopic ossification (HO), which appears in the joints of limbs.[@b19-clep-10-1083] HO affects the flexible movement of limbs and requires surgery to excise pathologic bone tissue. The formation of HO was associated with the activation of both T- and B-lymphocytes in an animal study.[@b20-clep-10-1083] Osteomyelitis was reported in children with burn injury who were infected with fungi in their bone tissue.[@b21-clep-10-1083] A key study that agreed with ours indicated that patients who survived severe burn injury found it difficult to regain healthy lung function.[@b11-clep-10-1083] These findings might explain our result of burn injury patients having a higher risk of pneumonia.

The total burn surface area (TBSA) was correlated with symptoms of acute respiratory distress syndrome (ARDS), inhalation injury, and sepsis.[@b22-clep-10-1083] Similarly, patients with inhalation injury exhibited high TBSA, pneumonia, ARDS, and mortality rates.[@b23-clep-10-1083] Conversely, a reduction in burn-induced inflammation could improve pulmonary function and survival.[@b24-clep-10-1083] In our study, we categorized patients with burn injury into two groups (BSA ≤10% and BSA \>10%). Obviously, the group with a BSA of ≤10% displayed a high risk of acquiring pneumonia. aHR even increased furtherly in the group with BSA \>10%. This result implied that BSA has a positive relationship with getting pneumonia.

In burn injury, pathogens including bacteria, viruses, and fungi can infect respiratory tissue through two major routes. One is from mechanical therapy, such as ventilation and endotracheal intubation. The second is the bloodstream.[@b25-clep-10-1083] Early pathogenic colonization in acute burn wounds may also influence infection rate.[@b26-clep-10-1083] In addition, deep burns promote the risk of developing an infection.[@b27-clep-10-1083] In a study, a high level of blood glucose elevation was discovered in patients with severe burn injury, which suggested that airway secretion also contained a high concentration of glucose. The secretion acted as a culture medium for bacteria growth and promoted respiratory infection.[@b28-clep-10-1083] This might explain why infection of the respiratory tract was established more easily in patients with burn injury. Risk factors for the development of pneumonia in elderly patients with burn injury were sex, high TBSA, and existing comorbidities.[@b29-clep-10-1083] In our study, patients aged 40 years or older had a higher risk of acquiring pneumonia. This finding was consistent with the aforementioned report that stated that aging was a crucial risk factor for patients with burn injury.[@b30-clep-10-1083]

Our study had some limitations. First, although smoke inhalation injury is also a complication of burn injury -- especially in fire burns -- it was excluded in our study because the insufficient number of cases might have led to underestimation of the odds ratio of pneumonia for burn injury exposure. Second, the database used did not contain information regarding patients' clinical presentations of the severity of their pneumonia, laboratory data, or microbiological culture data that might affect pneumonia occurrence. Third, Taiwan's National Health Insurance system is based on the Taiwanese population and our data accurately reflect the situation in Taiwan. Therefore, our results may not be applicable to Western populations. Fourth, we did not have access to potentially relevant personal behavioral information, such as smoking, alcohol consumption, and body mass index. These confounding factors might have influenced the results.

Conclusion
==========

Burn injury patients were highly associated with an increased risk of pneumonia. Aging and BSA were another vital risk fac tor of pneumonia. Especially, the potential risk of pneumonia could be observed in burn injury, which refers to pneumonia which occurred within 30 days.

Supplementary materials
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###### 

Flow chart for study selection of Self Controlled Case Series.

**Abbreviations:** LHID, Longitudinal Health Insurance Database; ICD-9-CM, ICD Ninth Revision Clinical Modification.

###### 

Type of pneumonia event

                                                  n    \%     Burn injury   Non-burn injury        
  ----------------------------------------------- ---- ------ ------------- ----------------- ---- ------
  482 Other bacterial pneumonia                   7    9.6    4             7.8               3    13.6
  483 Pneumonia due to other specified organism   2    2.7    1             2.0               1    4.5
  485 Bronchopneumonia, organism unspecified      13   17.8   9             17.6              4    18.2
  486 Pneumonia, organism unspecified             51   69.9   37            72.5              14   63.6

###### 

IRR for pneumonia after burn injury occurred

                           No. of pneumonia event   Observed person-days   IRR                                                 95% CI
  ------------------------ ------------------------ ---------------------- --------------------------------------------------- ------------
  Baseline period          202                      193,401                1                                                   
  Exposure period (days)                                                                                                       
  ≤30                      15                       4,699                  2.76[\*](#tfn8-clep-10-1083){ref-type="table-fn"}   1.63--4.69
  31--60                   8                        4,594                  1.51                                                0.74--3.07
  61--90                   9                        4,445                  1.79                                                0.92--3.50

**Note:**

*P*\<0.001.

**Abbreviation:** IRR, incidence rate ratio.

This study was partly based on data from the National Health Insurance Research Database (NHIRD) provided by the NHI Administration, Ministry of Health and Welfare, and managed by the National Health Research Institutes (registration number: NHIRD-104--148). The interpretation and conclusions contained herein do not represent those of the National Health Insurance Administration, Ministry of Health and Welfare, or National Health Research Institutes. Also, this study was supported by research grants from "Association For Dental Sciences of the Republic of China". The funders had no role in the study design data collection and analysis, decision to publish, or preparation of the manuscript.

**Disclosure**

The authors report no conflicts of interest in this work.

![Flow chart for burn injury patient's selection.\
**Abbreviations:** LHID, Longitudinal Health Insurance Database; ICD-9-CM, ICD Ninth Revision Clinical Modification.](clep-10-1083Fig1){#f1-clep-10-1083}

![Kaplan--Meier curves of the occurrence of pneumonia in burn injury patients.](clep-10-1083Fig2){#f2-clep-10-1083}

###### 

Demographic characteristics of burn injury and non-burn injury

                              Unmatched   Matched                                                     
  --------------------------- ----------- --------- ----------- ------ ----------- ------ ----------- ------
  Age (years)                                                                                         
   18--40                     1,457       50.4      26,226      50.4   1,457       50.4   1,457       50.4
   40--65                     1,143       39.5      20,574      39.5   1,143       39.5   1,126       38.9
   ≥65                        293         10.1      5,274       10.1   293         10.1   310         10.7
   Mean±SD                    41.9±16.8             41.9±16.8          41.9±16.8          41.9±16.9   
  Sex                                                                                                 
   Female                     1,475       51.0      26,550      51.0   1,475       51.0   1,507       52.1
   Male                       1,418       49.0      25,524      49.0   1,418       49.0   1,386       47.9
  Hypertension                447         15.5      6,578       12.6   447         15.5   456         15.8
  Hyperlipidemia              252         8.7       3,460       6.6    252         8.7    249         8.6
  Diabetes                    229         7.9       3,022       5.8    229         7.9    219         7.6
  Cerebrovascular disease     66          2.3       940         1.8    66          2.3    58          2.0
  Renal disease               41          1.4       473         .9     41          1.4    46          1.6
  Liver disease               74          2.6       1,236       2.4    74          2.6    54          1.9
  Chronic pulmonary disease   116         4.0       1,446       2.8    116         4.0    120         4.1
  Ischemic heart disease      118         4.1       1,524       2.9    118         4.1    114         3.9
  Burn injury                                                                                         
   ≤10 BSA                    2,745       94.9      --          --     2,745       94.9   --          --
   11--35 BSA                 139         4.8       --          --     139         4.8    --          --
   36--50 BSA                 5           0.2       --          --     5           0.2    --          --
   51--70 BSA                 4           0.1       --          --     4           0.1    --          --

**Abbreviation:** BSA, burn surface area.

###### 

Cox proportional hazards model of pneumonia and exposure to burn injury

                            No. of pneumonia events   Observed person-years   Incidence density (per 1,000 person-years)   Crude HR   95% CI        Adjusted HR   95% CI
  ------------------------- ------------------------- ----------------------- -------------------------------------------- ---------- ------------- ------------- -------------
  Burn injury                                                                                                                                                     
   No                       22                        2,863                   7.7                                          1                        1             
   Yes                      51                        2,842                   17.9                                         2.33       1.42--3.85    2.39          1.44--3.96
  Age (years)                                                                                                                                                     
   18--40                   14                        2,884                   4.9                                          1                        1             
   40--65                   21                        2,247                   9.3                                          1.93       0.98--3.79    1.72          0.85--3.47
   ≥65                      38                        575                     66.1                                         13.58      7.36--25.06   9.97          4.80--20.7
  Sex                                                                                                                                                             
   Female                   29                        2,954                   9.8                                          1                        1             
   Male                     44                        2,751                   16.0                                         1.63       1.02--2.60    1.83          1.13--2.95
  Hypertension              28                        879                     31.9                                         3.41       2.13--5.47    0.80          0.45--1.42
  Hyperlipidemia            8                         496                     16.1                                         1.29       0.62--2.70    0.42          0.19--0.92
  Diabetes                  22                        432                     51.0                                         5.26       3.19--8.68    2.58          1.44--4.64
  Cerebrovascular disease   12                        115                     104.7                                        9.56       5.15--17.75   2.75          1.42--5.31
  Renal disease             7                         83                      84.4                                         7.17       3.29--15.62   1.66          0.72--3.82
  Liver disease             7                         125                     56.2                                         4.74       2.18--10.34   2.55          1.15--5.65
  Chronic pulmonary         5                         233                     21.5                                         1.73       0.70--4.29    0.75          0.30--1.88
  disease                                                                                                                                                         
  Ischemic heart disease    13                        219                     59.2                                         5.40       2.97--9.84    1.76          0.92--3.38
  Burn injury                                                                                                                                                     
   No                       22                        2,863                   7.7                                          1                        1             
   ≤10 BSA                  48                        2,707                   17.7                                         2.31       1.39--3.82    2.36          1.41--3.93
   \>10 BSA                 3                         135                     22.2                                         2.89       0.86--9.65    3.01          0.89--10.17

**Abbreviations:** HR, hazard ratio; BSA, burn surface area.

###### 

Subgroup analysis of Cox proportional hazards model of pneumonia between burn injury and non-burn injury groups

                                                        Burn injury   Non-burn injury   HR[a](#tfn3-clep-10-1083){ref-type="table-fn"}   95% CI          
  ----------------------------------------------------- ------------- ----------------- ------------------------------------------------ -------- ------ -------------
  Age (years)                                                                                                                                            
   18--40[b](#tfn4-clep-10-1083){ref-type="table-fn"}   1,457         10                1,457                                            4        2.51   0.79--7.99
   40--65                                               1,143         16                1,126                                            5        2.71   0.98--7.50
   ≥65                                                  293           25                310                                              13       2.06   1.04--4.08
  Sex                                                                                                                                                    
   Female                                               1,475         18                1,507                                            11       1.81   0.85--3.85
   Male                                                 1,418         33                1,386                                            11       2.96   1.46--5.99
  Hypertension                                                                                                                                           
   No                                                   2,446         34                2,437                                            11       3.27   1.63--6.56
   Yes                                                  447           17                456                                              11       1.51   0.70--3.27
  Hyperlipidemia                                                                                                                                         
   No                                                   2,641         43                2,644                                            22       1.94   1.15--3.27
   Yes                                                  252           8                 249                                              0        N/A    N/A
  Diabetes                                                                                                                                               
   No                                                   2,664         36                2,674                                            15       2.39   1.30--4.40
   Yes                                                  229           15                219                                              7        2.38   0.94--6.05
  Cerebrovascular disease                                                                                                                                
   No                                                   2,827         43                2,835                                            18       2.43   1.40--4.22
   Yes                                                  66            8                 58                                               4        1.54   0.39--6.14
  Renal disease                                                                                                                                          
   No                                                   2,852         47                2,847                                            19       2.37   1.39--4.06
   Yes[c](#tfn5-clep-10-1083){ref-type="table-fn"}      41            4                 46                                               3        8.31   0.93--74.11
  Liver disease                                                                                                                                          
   No                                                   2,819         45                2,839                                            21       2.30   1.36--3.87
   Yes[d](#tfn6-clep-10-1083){ref-type="table-fn"}      74            6                 54                                               1        3.14   0.27--36.72
  Chronic pulmonary disease                                                                                                                              
   No                                                   2,777         49                2,773                                            19       2.61   1.53--4.46
   Yes[d](#tfn6-clep-10-1083){ref-type="table-fn"}      116           2                 120                                              3        0.37   0.04--3.92
  Ischemic heart disease                                                                                                                                 
   No                                                   2,775         42                2,779                                            18       2.14   1.22--3.73
   Yes                                                  118           9                 114                                              4        4.14   1.06--16.2

**Notes:**

Adjusted for all variables.

Adjusted for sex.

Adjusted for all viariables, excluding liver disease and chronic pulmonary disease.

Adjusted for all variables, excluding renal disease.

**Abbreviations:** HR, hazard ratio; N/A, not applicable.
